Y g

. oy 2Q10:7
WhrnlEy S 'B LIBRARY MAY =2 194;

NACA

for the

Buresu of Aeronautics, Navy Department
TESTS OF SURMERGED DUCT INSTALLATION ON THE
RYAN FR-1 ATRPIANT IN THE AMES
40~ BY &0-FOOT VIND TUIFEL

By Horman J. llartiin

Ames Aernonautical Laboratory
lioffett Fleld, Ceallif,

CLASSIFIED DOCUMENT

This document contains classified infcrmation ah“ecting the
National Defense of the Unlted States within the meanung of

the Esplonage Act, USC 50:31 and 32, [ts transmission or the
GONTAINS PROPRIZTARY revelation of its contents in any manner to an unauthorized
INFORMATION person is prohlbited by law. iniormation so classifled may be-

imparted only to persons tn the military and naval Services of
the United States, appropniate civilian cfficers and employees
of the Federal Governmeri who have a legitimate inturast
therein, and fo United Statas cltizens of known loyalty and
diztretion who of mecesstty must be informed thereof.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
APR 991027 WA CA lel\:&l\(‘

WAIVED

RESEARCH MEMORANDUM' |

GAAHSSYIONA
QIONVHD NOLLVIIAISSVT)

. a\r,{g ¥ MEMORIAL AEPONAUTRY.

T i_nURA'l Okl

= gg’ " lBE I ‘?’A; Langie, Field ¥

CONFDENFIL  £H ALir /o,



—— T i

NATIONAL ADVISORY COIIIITTEE FOR AEROMAUTICS

RESEARCH LIEHORANDUU

far the
Bureau of Aernnautics, Navy Department
TESTS OF SUBLEERGZD DUCT INSTALIATION ON THE
RYAN FR-1 AIRPLANE Ti1 THE AIES
40~ BY 40-FOOT WIID TUWKEL

By ilorman J. lLiartin
SULIIARY

An investigation of an [IACA subnerged intake installa—
tion on the Ryan FR-1 was conducted to» determine the full-
scale aerodynanlc characteristics of this installation. In
addition, teasts were conducted on the submerged inlet with
revisged entrance lips and deflectors to determine the config-
uration which would result in the best dynamic pressure
recovery measured at the inlet for this instellatisn without
a major rework of the entrance.

Stalling »f the alr flow over the inner 1lip surface
created excessive dynamic pressure lrsses with the orliginal
entrance. The revised cntrance produced a l2-percent
incrcase in dynamlec pressurc rccovery at the design high-
epeed inlet-veloclty ratio and resulted in an ilmprovement
of the critical-speecd characteristice »f the entrance lip.

A complete redesign of the entrance including a decrease in
ramp angleo and adjustment of 1ipn camber is necessary %o
securc optimum results from this submerged duct installation,.

INTRODUCT IOW

At the request »f the Burcau »f Aeronautics, Navy
Department, an investigation »f NACA-bype subnerged alr
intakes instollcd on a Ryan FR-1l airplane was oonducted in
the Ames 40—~ by 80-font wind tunnel. The specific purpose
nf the investigation was t2 provide inlet data for
application t» performance estimates »f o modified Ryan FR-1
alrplane using these intakes, In addifion the investigation
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was to serve o more genecral purpnsc »f providing much necceded
full-scale information on thls type of inlct.

Because of structural rcquircments, the submerged lntokes
furnished by the manufocturer devicted considerably from the
design recenommended as optimum 2n the basis »f small-scalce
tosts (referonces 1 and 2), The cxtent of these deviatinns
can be scen in figure 1. Thosc deviations from optimum design
reduced conglderably the value »f the investligation in
pProviding needed full-scale information -n flush inlets. The
evaluation »f the Reynnlds number effcct also could not be
expected to be satisfaotory, because the intakes as installed
did nnt correspond exactly to any small—-scale installation
that had been investigated. The objectlive of the teasts was
thercfore reduccd to an evaluation nf the characteristics »f
nne specific full-scale instellatinn plus the effects of minnr
modificationg which could be mede »n it.

SYMBOLS
(o4 angle »f attack referrcd t2 fuselage center line,
degrees
Cy, 11ft coefficient (%}
H total pressure [p+q(l+n)), . prunds per squarc foot
‘AH loss in totol pressure, pounds per squarc foaot
L 1ift of airplane, pounds
b2 Mach number (g-)
jol statlc pressure, pounds por squore £122%
P pressure coefficient (p;);;)
o mass density of alr, slugs per cublc oot
q dynamic pressure (%pV2), pounds per squarc £»o%
S wing area, square feet
-V velocity, feet per second
a velncity »f sound, feet per second
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v, Vo inlet-velocity ratio

1-AH/q, dynamic pressure-recovery coefficient

(1) compressibility factor (1 + ]I{.z + {% +oues)
Subscripts

x condltion at entrance

o ' free—-stream condition

DESCRIPTION OF IiODEL AND APPARATUS

The modlfied Ryan FR-1 airplane with flush intakes
replacing wing leading-edge intakes is a single-place fighter
airplane designed to be powered with & Wright R-1820-7U4
forward engine and s Westinghouse 2U<C jet~propulsion engine
in the fuselage, A three-view drawing showing the principsl
dimensions of the airplane is presented in figure 2.. The
incigence of the wing referred to the alrplane reference line
is 1%,

Tests of the submerged duct entrance were made with the
propeller removed and the Jet engine replaced by & variable~
speed axial-flow blower, This axisl-flow blower provided a
meana ¢f varyling the inlet-velocity ratio from O.E to 1.5
(b23ed on a total intake area of 1,47 sq ft) at the free—
strsan veloclity of the tests, The air flowing in the intake
systaa was discharged at the rear of the airplane by means
of a Tell pipe similar to that existing on the airplane.

Pressure recovery at the entrance was measured by a rake
consisting of 189 total-pressure tubes and 38 static—pressure
tubes (filg. 3)e The tetal-pressure tubes were connected to
an integrating manometer., Static—prossure distributlion was
obtained by means of flush orifices built into the airplane
and connected to water-in-glass manometers., All pressure
measurements were recorded photographlcally.

Hodiflcations were made to the »original inlet by
rotating the entrance lip ocutward and changing the deflector
length and height., A comperison of the original installa-—
tion 'and the final form of the rovised 1llp l1s shown in
figure 4, A photograph of the revised lnstallation is shown
in figure 5. The condition of a simulated basic fusclage
without submergsd ducte was obtalned by installing a flush
cover plate which effectively sealed these entrances, &
photograph nf the alrplane with the flush cover plate
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ingtalled i1s shown in f igure 6, Boundary-layer measurements
were made on thls simulated baslc fuselage by means of three
rakes installed at the entrance loocatisn, dfe at the center
line of the ramp, one 10 inches above the center line, and one
10 inches below the center line.

TESTS

Tests were filrst conducted ®n the simulated basic fuselage
to determine the pressure dlstribution and boundary layer of
the basilc fuselage at the entrance location to compare with
those of small-—scale tests, Following these measurenments,
tests were made on the original submerged entrance to determine
values of dynamlc pressure recovery at the submerged duct
entrance and pressure distributlon along the center line of
the ramp and over the inner and outer surfaces of the entrance
lip. Following the detection of gtall along the inner surface
of the original lip, a serlies of developnental tests were made
to determine the best 1lip angle and deflector slze for this
submerged duct installation, All data were obtained through-—
out the angle-of-attack range of ~2° to 6° and inlet-velocity
ratio range of Ok to 1,5 at a stream velocity of approximately
100 miles per hour, The design hilgh-specd inlet-veloclty
ratio is O0,7.

RESULTS AND DISCUSSION

The integrated values of dynamic pressure recoveries aft
the submerged duct entrance for the orlginal and modlfied
installations are presented in figurc 7 for zero angle 2f
attack and are tabulated in table I for other angles of attack,
Pressure distributions over the originel and modlified entrance
lips are shown in figure 8, The results of measurements of
the boundary layer on the slmulated baslc fuselage abt the
entrance location are shown in flgurec 9. The critlcal ilach
number of the lips (fig. 10) werc dctermined from measured
pressurc coefficients and compubted followling the method glven
in reference 3, Pressurc dlstribution over the basic fuseclage
and along the center line of the ramp are presentecd in
figure 11 for zcro angle of attack, Tabulated valucs for
other angles of attack arc presented in table II.

For the original installation the dynamic pressure-
recovery characteristics were very unsatisfactory. At zcro
angle of attack the dynamic pressurc rccovery was 79 porcent
at an inlet-velocity retio of 0.5, 76 porcent at an inlet-
voloclty ratio of 0,7, and 18 percent at an inlet-vecloclty
ratio of 1,5, Small-scalc tests (rofcrence 2) have indicated
that much highor maximum pressurc recoverles and much smaller

»
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decreases in pressure recovery with incrcases in inlet-
velncity ratin can be 2btalned from installations of this
sene general type.

An investilgation »f the prcessurc distributlion sver the
lip revealed that stall was o2ccurring over the lip inner
surface (fig. &(a)) at approximately the design inlet—
veloclty ratio 2T 0.7, Thereby preventing a reasonable
dynanic pressure recovery (obaerve difference in pressurc
distribution between unstalled inner lip at inlet-~velocity
ratio of 0.6 and stalled 1lip at inlet—velocity ratin of 0.8).
Visual observation of the man-meter boards mecasuring total
pressure dlstribution across the intake confirmed the exist—
ence of this stalled condltion near the llp inner surfaces
It was felt that this stalled condition might be dus to an
unsatisfactory lip shape, 1lip angle, romn angle, deflector
shape, or a combinatisn <f these variables. Because the
modificd Ryan FR-1 alrplane employing these Inlets was near
the flight-testing stage, it was decided tn try ten prevent
the lip stall by changes not requlring & major rework of the
inlets, The nndlficationsg werc limlted, therefore, %t» lip
angle changes and deflectnr changes,

The first change made to the inlets was to remove the
Geflectors. This change resulted in no improvement in the
dynanic pressure recovery (fig, 7) and stall continued o
norny  on the inner lip surface at inlet—veloacity ratins
greater than O.7. Then, with the deflector reinstalled,
the lip angle was changed as shown in figure 4, This change
enrrected the inner lip stall although peak negative
pressures stlll were located »ver the inner l1llp surface.
(Sec 1ip pressure distributions »f fig. 8(b).) The
clinination of stall improved the dynamic pressure recovery
by 5 percent (from 76 percent tn 81 percent) at the design
inlet—-velncity ratin »f 0,7 and resulted in much greater
improvement ot higher inlet—velnacity ratlos where stall
neceurred previnusly (fige 7).

With the elimination n»f 1lip stoll, the next problen was
tn deternine the posslbility »f roalsing the general lsvel »f
the pressure recovery by clther further lip angle chonge “r
by mndification »f the deflectrhrs. Since the lip angle had
alreody been chenged ag much as possible without causing a
serinus prntrusion »f the lip outer surface from the fuselage
surface, attention was turned t2 p2ssible mndificationg of
the nriginal dcflectrrs which were as lneffective wlith the
revised 1lips as with the original lips installed, It was
anticipated, from consideratisn 2f thc results 2f snall-scole
tests, that a revision »f the deflectrrs would result in an

RS
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improved dynamlc pressure recovery. Such was found to be the
cdse, The final form of the revised deflectors lmproved the
pressure recovery an additional 7 percent (from &1.0 percent

to 88,0 percent) at an inlet-veloclty ratio of 0,7 (fige 7)s
However, at inlet-velocltles greater then 0,95 the use of

the revised deflectors resulted in a decrease in pressure
recovery, 1t was observed that the revised deflectors produced
an lncrease in downflow angle with consequent increase in
negative pressure peak values on the lip at inlet-velocity
ratios greater than 0,8, The increase in the negative pressure
peaks near the leading edge of the entrance lip increased the
adverse pressure gradient in the alr moving over the 1llp luner
surface, This increased adverse pressure gradient over the 1llp
inner surface tended to produce lip stell and loss in dynanic
pressure recovery., The decrease in dynamlc pressure recovery
with increase in Inlst—veloclty ratio dld not »cour in small-—
scale tests of deflector shapes, However, small-scale tests
were made with lower ramp angles and less 1lp camber and dld
not exhiblt these negative pressure peaks over the lip inner
gurface, Therefore, it was concluded that 1f further improve-
ment in pressure recovery is desired a complete rework of the
inlets will be necessary, the redqulred rework conslsting of a
decrease in ramp angle and an adjustment in lip contour to
elininate the high negative pressure peaks on the llp inner
surface, With the exception of deflector shape, the reworked
inlet would correspond %o the inlet »riginally receommended on
the baslis of small-scale tests,

Revision of the submerged duct entrance alsc resulted in
an lmprovement in the critical-spced characteristices of the
inlet 1lip. As first tcested, the lips exhibited pcak pressures
on the inslde and of such magnitude that computations indicate
that the oritical speecd would have been exceeded at the design
high-~speed operating conditions (fig. 10). With the revised
entrance the peak pressures were reduced to such an extent
that the computed critical spced of the lips rcmained above
the design operating specd as shown in figurc 10,

CONCLUSIONS

As the result of tests conducted on a nodificd Ryan FR-1
alrplanc with flush intakes replacing wing leading—edge inlets,
conclusions were made as follows:

l. Excesslve dynemlc prossure lossces with the original
subnerged duct entrance resulted from stalling of the aly Lflow
over the llp inner surface.

2, A revision to the entrance 1lip and deflectors
rosulted in & l2-percent increasc in dynemic pressurc recovery
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at the design inlet-velocity ratio of 0,7 and much larger
increases in dynamic pressure recovery at higher inlet-
velocity ratios,

3« The modifled entrance resulted in an improvement of
the critical-speed characteristics »f ths entrance lips,

L, A complete rework of the entrance including a
decrease in ranp angle and adjustment in 1llp camber is
required to secure optimum results from this submerged duct
installation.

Ames Aeronautical Iaboratory,
National Advisory Committee for Aeronautles,
lioffett Field, Callf,

Approved: ‘Hervyran ; );Z?Zz2w51

Morman J. Martin,

. i ]
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TABLE I.~ THE VARIATION OF DYNAlIIC PRESSURE RECOVERY
WITH THE ANGLE OF ATTACK D THE IHIET-
VELOCITY RATIO, PROPZLIER RITIiOVED,
RYaN FR~1 AIRPIANE.

Orliginal Installation

Vl/Vb ;
! -2 8] 2 L 6
|

0,49 ;, 0,570 10,791 [0.841 |0.785 | 0.752
o6 S71 | J786 | L85 <809 .760
& 1 696 | 732 | L7588 : 760 | ,738

1.0 .593% | ,6MU | ,683 : 672 | .6UY

T.25 | 0405 | 067 | JH98 | .506 | U86

1.5 | ,089 | ,178 | ,219 | .2k ! ,212

Revised ILlps and Deflectors

Vl/VO e
-2 o 2 L 6
o

Out 10,677 10,909 104927 [0.819 | 0.761
.6 .763 | .910 | .910 | .832 | .766
8 1 753 | 849 | 855 | 821 .766

1.0 | .707 | .780 | .803 | .790 | 738

1.25 | .Bh2 | .703 1 .731 | .730 | 699

1.5 .617 | 676 ! 700 | 680 | .6U5 |

SR S,
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TAERLE IT.~

THE VARIATION OF PRESSURE COEFFICIENT OVER THE BASIC FUSELAGE
AND ALONG THE .CENTER LINE OF THE RAMP WITH THE ANGLE OF ATTACK AND THE
INLET-VELOCITY RATIC, PROPELLER REMOVED, RYAN FR~1 AIRFLANE,

B o ==2°
gzx;‘ze Inlet-velocity ratio, Vl /o
lip . i i rfasic
leading 0 0sd 0a6 0s8 | 140 | 1le25 , 1o5 ' fuse=~
edge (in.) ! ! ! ?lage
-2 04387 ¢ 0,343 | 0,252 [=0.126 =0,568 [1,340 |~2.433 ' 0,126 ;
1% o430 | 279 | o231 | 4042 i =-.252 | ~e660 |-1.237 @ 084
4: 408 | 4257 | 4231 | 1261 4021 ! =4B06 | =e474 4063
7% 301 193 }7 (189 | W126 ; .042 | -.103 | -.247 , .042
10% 236 | 172 | .147 ! ,063 0 ! -.108 | -.186 .021
131 301 § . 086 2042 : -,083 | -,110 | -,185 | =.247 0
16 «30L 021 | =y083 | =.147 -.189 | 4268 | =¢309 0
191 4236 | -a086 | =ol47 | =4231 . -.274 | =,330 | =371} O
31 =107 | =300 | =4295 | -o336 | ~4336 | =¢B7L ; -4392 !-.021
36% =e129 | o257 | =4252 | ~4204 ; =2294 | =309 [ ~4309 . =e084
a7k | =+172 | =.286 | =251 | -.068 | -.042 | -.247 | -.268 | ==-
50% 4215 | =e257 | 4274 ! -4294 | -.294 | -,289 | -,289 —
54 =279 | =322 | =,295 -.316! ~e316 fr-.ﬁos o ]- I J—
56 —e344 | =4364 | -u336 | -.358 ! ~e358 | =351 | ~oB7L @ =m-
¥  ad
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TABLE IT.~ Continued. Ryan FR-1 Airplane,

a =0°

i Distance s far ;

!i forvard Inlet-velocity ratio, V; /Vo

P lip i ‘ : Feslc

R lead_ing (o} 04 Qe6 0.8 . 1l.0 : 1.25 l.5 fuse-

. edge (in) . | lage

. 2 104547 | 0,536 ; 0.236 |-0.107  -0.548 .~1.368 |~2.330| 0.164

' 13 | 610 | 4408 | 236 } 4042 | -.168 -,653 |-1.196] .123

L 43 .60 | 323 | 4236 : .150 . 042 4189 | -.454i ,0B2
1 3

B o505 | 4236 | 4214 | 4129 .063 = =.105 | -+237; 061

-~ 1oz 0337 \172 128 | 083 ; .042 -,105 | -.165] ,041

‘o 13} «316 . 086 W021 | =,063 ' =,084 ~.189 | —,247: ,020

b : . '

b 16k «252 | =o043 | 0107 | =2189 | =168 . ~4253 . ~.330! 4020
P 19k 147 | -4129 | =4193 | =o359 | —¢252 -u337 @ =.392' 020
31 -.189 | -,322 i ~e344 | =4B37 | =¢316 | »eZ79 ! =4302i O

} N .
36% =189 | -4279 i -.300 | =4295 | -.274 | =+316 | =4309: -,041
a7t -e211 | -.236 | =uB57 | -4252 | -,231 | -.255 | -,247; ---
50% =251 | =.279 | -o279 | ~4295 | -,252 | -.274 | -.268; ---
54 ~e273 | =e300 | =322 | =436 | =4274 ' =,316 ; =+309 -
56 =318 | -4343 | -.365 | -4337 | =,316 | -u358 | -.36l; ---




NACA RM No. A7D14 PN

TAELE II.~ Continuved. Ryan FR-1 Airplane,

-

! a = 2°
i ?‘i::;::‘lzé Inlet-veloc'ity ra'bi:,n s Vi fis -

I lip ! » i Pasic
| Teading 0 Osd | 0e6 | 0s8. i 1,0 1425 | 145 |fuse=
edge (iny) | : | lage

-2 0.568 | 04547 i 0,252 | =0.107 |-04569 l-1.389 |-24351] 0,147
1% 610 | 4421 ' 4252, 4086 | -.189 ! -.653 ;-1.134| .105
2l W610 | o358 | 274 o257 | 4063 | =189 | -.412] 105
, 7% +526 274 | <231 129 «063 | =4105 | =e208] o063
1oz [ o379 | 4211 [ L127! .064 0 -.084 | -.144| .042
T3 W516 | <105 | <042 i =+084 | =.108 | =.168 | =.227]| 021
16} 274 O | =4084! =4125 | =.189 | -,232 | -.309| 042
19L o147 | =4105 i ~e168 | =.257 | -4294 | -4337 | -,371] ©
31 ~e189 | =e274 | =oBLE | =e343 | =357 | =4379 | =4371] O
365 =189 | =4232 | ~e274 | =e300 | ~e294 | =4295 [ =,289! -,042
475 =e189 | =e211 | =e23L | =e257 | =252 | -4253 | -4227 -—
50% 0232 | =4232 | =274 | =e279 | ~e274 | =¢253 | -4268 -
54 ~e274 | =e274 | =e295 | =e323 | ~e316 | =4316 | =o309| =-=
| 56 =e316 | =4295 | 4386 | =¢343 | ~4B336 | -4337 | -.330| ~--
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TAHLE II.- Continuede.

Ryen FR-1 Airplane.

a = 4° _
gz::::ze Inlet-—velécity ratio, V, /S
iizding 0 0ut | 0.6 | 0.8 | 1.0 | 1.25 | 1.5 {moi®
edge (in.) lage
-2 00516 | 04463 | 04252 [-0.086 [=0.579 |-1.368 [-2.351} 0.147
1% +537 «358 .231 2086 | =193 | -.632 |-1.0983| .l05
4% « 537 «295 .252 172 «064 | =.358 | =.392| .063
7% 472 253 «210 .129 «086 | -.084 | -.186| .063
10% «387 .232 147 .086 v021 | -.084 | -.144| ,042
131 e343 .126 0042 | =e064 | o107 | =+168 | ~.247 0
16 0279 W021 | -,084 | -.150 | -.193 | -.274 | -.309| .021
195 ¢150 | =105 | =o189 | =e279 | =sB00 | =358 | =.371 | -.021
31 «el93 | =e295 | ~e316 | —4343 | ~¢343 . -.379 | -,371 0
36% =e193 | =4253 | -e274 | =.300 | =.300 | -.316 | =.289 | -.042
a7y =195 | -u232 | 4252 | -.286 | -.257 , -.258 | -.247| ==
50% —e236 | =4253 | =274 | =6279 | =¢279 = =e295 | =.268| —--
54 ~e30L | =4205 | =316 | =eB322 | =¢324 | =2337 | =e309 | —--
56 -e322 | =316 | -.336 | -.343 | -,343 | -.358 | -.330| ---
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TABELE II.- Concluded,

Ryvan FR-1 Lirplane.

i - = &
. Distance Inlet-velocity ratio, Vizgo
t forward - T 7 Fosio
| ip 0 0.4 0.6 0.8 © 1.0 . 1.25} 1.5 |fuse-
leading E ilage
edge (ing y ;
-2 0.451 | 0,378 ! 0.189 |-0.042 | -0.579 ' -1.278 [-2.331| 0.084
13 535 | 4274 | o210 | 4126 | =,172 | -.557 |-1.073| 4063
P = +535 «253 .252 .210 . 086 i ~e124 | -.3511 .021
Kz 451 | .265 | .281 | .168 | .086! -.041 | -.155| .02l
I 0% .386 | .232 | .147 | .110 | 021! -.062 | -.144| O
{o1sk 0322 .126 o042 | -4042 | ~.107 | =-.165 | -.2481 =-,021
. 16z .236 O | -.084 | =-.147 | -,214 | -.247 | -,308 O
§ 19% 107 | =126 | =o189 | =252 | «.300 | -.330 | =392 [ =.063
E, 31 20195 | =295 | <o295 | —.336 | -.345 | -.330 | -.572 | —.0B1
36% o215 | =4253 | =.274 | =274 | =,300 | -.289 | -.2892 ) ~.063
475 ~+e2836 | =e253 | =252 | ~e252 | -.279 ] -,287 | -.247| ---
50% ~e268 | =274 | -.274 | -4252 | -.300 | -.263 | -.268 —
54 ~+3G0 | -.316 | -.316 | -.316 | -.322 | -.309 | -.330 —
EE -e322 1 =.337 | -.336 | -.316 | -,353 | -,8330 | ~.330 [ ---
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FIGURE IEGENDS

Figure l.-~ Comparisan »f original and proposed installation
of submerged duet entrance »n Ryan FR-1 airplane,

Flgure 2.,— General arrangement of Ryan FR-1 alrplane with
flush duct installed. -

Figure 3.- Submerged duct-entrance rake installed on
Ryan FR—~1 airplane.

Figure Y.— Comparison of original and revised installation
of lips and deflectors on submerged ducts, Ryen FR-1
alrplane.

Figure 5.~ Revised 1lip and deflector installation on
Ryan FR~1 submerged duct.

MY e b — immrTeta’ld lMaatn Parmalaca Inatallot+dAan Am Drrar TALLT
FLBEU®IT Ue™ MNildiUiauTll Uabliu LUDTAagT LilDuGdaculrUil DIl fyall fa=.
airplane mounted in the Ames 4O- by 80-foot wind tunnel.

Figure 7.— Comparison of entrance dynamic pressure recovery
obtalned with original instaliatison and with revised lip
and deflectors, a = 09, propeller removed, Ryan WR—1
eirplane. :

Figure &,— Comparison of prsssure coefficlent distributinon
over original lip and rgvised lip for various inlet-
veloclity ratlios, o = 07, propeller removed, Ryan FR-1
airplane., (a) Original lip.

Figure 8&.- Concluded. Ryan FR-1 alrplane. (b} Revised lip.,

Figure 9.~ Boundary layer on sinuleted basig fuselage at
submerged duct entrance locetinn, o« = 07, propeller
removed, Ryan FR~1 airplane.

Flgure 10, Variation of critical liach number with inlet-
velocity ratin for original installation and with revised
lip and deflectors, o = OO, Ryan FR-1 alirplane.:

Figure 1ll,.,— Pressure distributinsn along the center line of
the submerged duct ramp for varlous inlet-veloclity ratios,
« = 0°, propeller removed, Ryan FR-~1l airplane.
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FIGURE [ - COMPARISON OF ORIGINAL AND FPROPOSEL IINSTALL AT RN OF SZBAMEY - &
DUCT ENTRAMNZE ON RYAN FR-! AIRPLANE,
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Flgure 3.~ Subnerged duct-—entrance rake
installed on Ryan FR-~1 airplane,
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Figure He~ Revised lip and deflector installation on Ryan FR~1 Submerged Duct,
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Fipure 6.- Simulateu basic ruselage 1ns’callm:;.on on Ryan FR-l alrplane
mounted in the Ames 4C- by #0-font Wind Tunnel.
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